Brassica is a very important vegetable group worldwide and different stresses are a major concern for these crops. Enhancement of resistance against biotic and abiotic stresses by exploiting stress resistance related genes offers the most efficient approach to address this concern. In this study, a stress resistance related gene was identified from the full-length cDNA library of Brassica rapa cv. Osome, which was determined to be Brassica longevity assurance protein (BrLAP) after sequence analysis. A comparison study of this gene showed a high degree of homology with other stress resistance related longevity assurance genes and was shown to be expressed in all organs during all of the developmental growth stages. In addition, this gene significantly responded after cold, drought and ABA stress treatments in Chinese cabbage. All these data revealed that this gene may be involved in plant resistance against stresses.
INTRODUCTION
Brassica is an important group of crops grown worldwide that belongs mainly to the species Brassica rapa, as well as Brassica oleracea and Brassica napus (Collinge and Slusarenko, 1987) and widely recognized for its economic importance and contribution to human nutrition (Salunkhe and Kadam, 1998) . Biotic and abiotic stresses are major concern for the sustainable production of these crops. Biotic stresses include fungi, bacteria, viruses, insects and abiotic stresses include cold, salt, ABA, drought, high temperature and heavy metal pollution. Each type of stress functions through different types of *Corresponding author. E-mail: nis@sunchon.ac.kr, nis@sun chon.ac.kr. Tel: #These authors contributed equally to the work. molecular mechanisms that affect plants and eventually cause damage. Plants respond to biotic and abiotic stress factors by producing various defense-related proteins such as pathogenesis related (PR) proteins, hydroxyproline-rich glycoproteins (HRGPs), and several key enzymes involved in the synthesis of phenylpropanoids, phytoalexins and lignins (Bowles, 1990; Collinge and Slusarenko, 1987; Dixon and Lamb, 1990) .
One promising strategy to develop resistance against biotic and abiotic stresses is based on the exploitation of the PRs and other stress responsive genes in transgenic plants. The longevity assurance gene protein (Lag1p) is located in the endoplasmic reticulum (ER), where it helps to accelerate the transport of glycosylphosphatidylinositol (GPI)-anchored proteins to the Golgi. This function of Lag1p results from its participation in ceramide synthesis. Thus, Lag1p and its homologues are likely to play a role in ceramide signaling, which affects growth, proliferation, stress resistance, and apoptosis (Jazwinski and Conzelmann, 2002) . A longevity assurance gene of tomato, Asc-1, which is homologous to the yeast longevity assurance gene LAG1, mediates resistance to Alternaria alternate f. sp. lycopersici toxins and fumonisin B1 of Fusarium moniliforme (Brandwagt et al., 2000) .
In this study, we analyzed a stress resistance related gene that was identified from the full-length cDNA library of B. rapa cv. Osome and studied its homology with other stress resistance related genes. Expression of this gene was analyzed in different organs and developmental growth stages. In addition, expression was also analyzed after applying abiotic stresses in Chinese cabbage and by microarray data of biotic stress and its association with biotic and abiotic stress resistance was also discussed.
MATERIALS AND METHODS

Plant materials
Chinese cabbage (B. rapa 'SUN-3061') plants were grown in the Department of Horticulture, Sunchon National University, Korea. Fresh roots, stems, leaves and flower buds were harvested, frozen immediately in liquid nitrogen, and stored at -80°C for RNA isolation.
Stress treatments
Chinese cabbages seeds were aseptically grown on Murashige and Skoog (MS) agar medium in a culture room under a 16 h light photoperiod at 25°C. After 3 weeks of growth, the seedlings were transferred to fresh liquid MSH (half-strength MS medium without sucrose) medium containing 250 mM NaCl and 100 mM abscisic acid (ABA) for 24 h. To induce cold stress, the seedlings were maintained at 4°C for 24 h. Drought treatment was applied by keeping the seedling on the filter paper at 28°C for 24 h. The samples were treated with all the stresses for 0 h (wild type), 30 min, 1, 2, 4, 8 and 24 h and then frozen immediately in liquid nitrogen, and stored at -80°C for RNA isolation.
RNA extraction
Total RNA was extracted from roots, stems, leaves, flower buds and abiotic stress applied frozen samples using the Rneasy mini kit (Qiagen, USA). RNA was treated with RNase-free DNase (Promega, USA) to remove genomic DNA contaminants. The cDNA was synthesized using the Superscript ® III First-Strand synthesis kit (invitrogen, USA) according to its instructions.
Sequence analysis of genes
DNA and protein sequences were processed or deduced using Software Editseq (DNAstar Lasergene, USA). ORF was obtained by ORF finder at NCBI (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). The primary structure of genes was analyzed using ProtParam (http://expasy.org/tools/protparam.html) and Augustus (http://augustus.gobics.de/submission). The alignment search was carried out using BLAST from NCBI (http://www.ncbi.nlm.nih.gov/BLAST/). The program used was BLASTp and the database "nr" was selected. Typical domains were analyzed using the web tool from EMBL, (http://smart.embl.de/smart/set_mode.cgi?GENOMIC=1). Multiple protein sequences were aligned using PIR (http://pir.georgetown.edu/pirwww/search/multialn.shtml).
Expression analysis
Reverse transcription polymerase chain reaction (RT-PCR) was performed using AMV one step RT-PCR kit (Takara, Japan). The specific primers for BrLAP, FW-ATGTGGGTTCTTCTGATTTG and RV-CTGCAGATGTAGGAGAGGAC were used for RT-PCR. Actin primers of Brassica, FW-ATGGTTGGGATGGGTCAAAAA and RV-TCTTTAATGTCACGGACGATT, were used as the control. PCR was performed using 50 ng of cDNA as templates. In 0.5 ml PCR tubes, 20 pmol of each primer, 150 µM of each dNTP, 1.2 U of Taq polymerase, 1x Taq polymerase buffer, and double-distilled water to a total volume of 20 µl were added and mixed. The PCR procedure included pre-denaturing at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s and extension at 72°C for 1 min, and was terminated with an additional extension for 5 min at 72°C. The microarray data on B. rapa subsp. pekinensis were obtained from the B. rapa Genomic Project of National Academy of Agricultural Science (Suwon, Korea) (http://brassica-rapa.org/BRGP/index.jsp).
RESULTS AND DISCUSSION
Identification and sequence analysis
We constructed a full-length cDNA library of B. rapa cv. Osome (Park et al., 2010) and obtained 3,429 ESTs from this library. These ESTs were then annotated and 140 biotic stress related genes were selected (unpublished). In this study, we selected one cDNA clone from these biotic stress related genes and sequenced as full-length cDNA. Full-length cDNA encoding biotic stress resistance related gene, designated as Brassica longevity assurance protein (BrLAP) was characterized. The sequence data for BrLAP were deposited in GenBank under accession number of EU186328.
In the sequence analysis, this gene provided complete coverage of the transcribed region and no introns were identified in the coding region. The full-length sequence of the BrLAP cDNA contained 1460 nucleotides and had a putative open reading frame (ORF) of 756 bp. The ORF encodes a longevity assurance protein that contained 304 amino acids, beginning at the initiation codon ATG (position 386) and ending at the stop codon TGA (position 1141) of the cDNA ( Figure 1A ). The deduced amino acid sequence of BrLAP was compared with other related genes from the public database. The primary structure of this gene was analyzed using bioinformatic tools and the obtained data are presented in the Table 1 . Previous studies had reported that the longevity assurance protein contains multiple transmembrane domains and a highly conserved motif designated as the Lag1p motif (Jiang et al., 1998) . The BrLAP protein contained a transmembrane domain between 20 and 40 amino acid residues. It also contained TRAM, LAG1 and CLN8 (TLC) homology domains between 69 and 283 amino acid residues, which is a protein domain with at least 5 transmembrane alpha-helices suggesting a longevity assurance protein.
Amino acid sequence comparison
The alignment search was carried out using BLAST from NCBI. The deduced protein sequence of BrLAP (ABV89617) showed high homology with the LAG1 longevity assurance-1 protein of Arabidopsis thaliana (NP566769 and NP_001031037) (82 and 80% identity) (Salanoubat et al., 2000) and LAG1-like protein 1 of Orobanche cernua var. Cumana (ACS71533) (74% identity) (de Zélicourt et al., 2009) (Table 2) . Multiple alignment also revealed high similarity among the deduced amino acids of BrLAP and 3 other longevity assurance genes ( Figure 1B) , indicating its relatively conserved evolutionary relationship at the protein level. The mutated longevity assurance gene of Orobanche cernua var. cumana (ACS71533) showed an enhanced susceptibility to AAL-toxin of Alternaria alternate 
Organ specific and growth stage expression analysis
Expression analysis was performed using specific primers with equal amounts of cDNA templates prepared from the mRNA of roots, stems, leaves and flower buds of B. rapa 'SUN-3061' by RT-PCR. The expression of BrLAP genes was observed in all the organs tested and the highest level of expression was observed in the flower buds followed by the roots, stems and leaves ( Figure 2A ). These organs share characteristics that make them particularly prone to pathogen attack. Thus, adequate protection of these organs against pathogen attack is critical, and the production of an antifungal molecule could be part of a local defense strategy (Hamel and Bellemare, 1995) . Using microarray data, expression of this gene was analyzed at different growth stages and found to be expressed at all growth stages from mature seed to 91 day old plants ( Figure 2B ).
Expression analysis after applying stresses
Expression of BrLAP was also analyzed from the microarray database, where the B. rapa plant samples were infected with soft rot disease causing necrotroph bacteria, Pectobacterium carotovorum subsp. carotovorum, club root disease causing fungus, Plasmodiophora brassicae and TMV, which are serious enemy for most of the Brassica crops. But the expression of this gene was not responsive to these biotic stresses and indicating that this gene may be responsive to other pathogen infections. The results of previous studies also support the association of this gene with disease resistance, Asc-1, a longevity assurance gene, was able to confer resistance to infection by A. alternata f.sp. lycopersici in Nicotiana umbratica (Brandwagt et al., 2002) .
In the past decades it has become evident that some genes respond significantly when exposed to various environmental and pathogenic stresses and have been shown to be associated with broad spectrum resistance (Lee et al., 2008) . To further explore such resistance, we analyzed the expression of this gene using the specific primers after applying abiotic stress treatments including cold, salt, drought and ABA. The expression of BrLAP significantly increased from 0 to 4 h and decreased afterwards with cold stress treatments ( Figure 3A ). This gene was down-regulated during drought treatments ( Figure 3C ) but no responsive expression was observed after salt stress treatments ( Figure 3B ). After ABA stress treatments ( Figure 3D ), the expression of BrLAP gene was increased up to 2 h and decreased afterwards. This expression pattern indicates that Microarray expression analysis at different growth stages, CSODseed, mature; CS2D-seedling, 2-days-old; CS1W-whole plant, 1-week old vegetative stage (7 days-old); CS2W-whole plant, 2-week old vegetative stage (14-days-old); CCOD-whole plant, 1 day after light-chilled at 4°C (21-days-old); CC1D-whole plant; 1 day after light-chilled at 4°C (22-days-old); CC1W-whole plant, 1 week after light chilled at 4°C (28-days-old); CC4W-whole plant, 4 weeks after light chilled at 4°C(56-days-old); CC7W-whole plant, 7 weeks after light chilled at 4°C (70-days -old); CA1D-whole plant, 1 day after green house growth (71-days-old); CA2D-whole plant, 2 days after green house growth (72-day-old); CA1W-whole plant, 1 week after green house growth (77-days-old); CA2W-whole plant, 2 weeks after green house growth (84-days-old); CA3W-whole plant, 3 weeks after green house growth (91-days-old).
these genes are most likely associated with abiotic stress resistance and we can exploit this gene for overexpression or down-regulation to enhance resistance against abiotic stresses in Brassica. In earlier studies, down-regulation of two genes, homologous to aspartic proteinase 2, and homolog of Jumonji class of transcription factor showed relative drought tolerant phenotypes in Nicotiana benthamiana (Senthil-Kumar et al., 2007) .
Function of longevity assurance gene results from its participation in ceramide synthesis. The sphinganineanalog mycotoxins (SAMs) induce apoptotic cell death by inhibiting ceramide biosynthesis (Gilchrist et al., 1995; Spassieva et al., 2002; Wang et al., 1996) . For example, insensitivity to the AAL-toxin (SAM) in resistant tomatoes and other plants is conferred by the Asc1 gene, a homolog of the yeast ceramide synthase gene Lag1 (Brandwagt et al., 2000 (Brandwagt et al., , 2002 . Other studies in Saccharomyces cerevisae have revealed that Lag1p and Lac1p are essential for the sphinganine N-acyl transferase reaction in yeast (Guillas et al., 2001; Schorling et al., 2001 ). This coupled with the fact that AAL-toxin specifically inhibits sphinganine Nacyltransferase and it seems highly probable that Asc-1 will be important for plant sphingolipid biosynthesis. To date, only circumstantial evidence exists for a role of sphingolipids in plant programmed cell death. Thus, longevity assurance and its homologues are likely to play a role in ceramide signaling, which affects growth, proliferation, stress resistance, and apoptosis (Jazwinski and Conzelmann, 2002) . Taken together, it can be concluded that BrLAP gene may be a useful gene source for engineering transgenic plants resistant to biotic and abiotic stresses in Brassica.
